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EDITORIAL REVIEW
Dilution acidosis and contraction alkalosis:
Review of a concept
In the clinical evaluation of disorders of hydrogen
ion homeostasis, it is customary to classify those con-
ditions associated with a primary change in carbon
dioxide tension as "respiratory", and those associated
with a primary change in the concentration of plasma
bicarbonate as "metabolic" [1, 2]. Under most cir-
cumstances changes in plasma bicarbonate concentra-
tion reflect a discrepancy between the rate of input of
hydrogen ion from metabolic sources into the extra-
cellular fluid, and its rate of exit. One situation which
defies this general rule is that in which plasma bi-
carbonate concentration is altered as a consequence of
simple changes in the volume of extracellular fluid by
the addition or withdrawal of solutions containing nei-
ther acids nor alkali. In this case, it has been proposed
that the acute increase or decrease of extracellular vol-
ume can result in "dilution acidosis" or "contraction
alkalosis" purely as a result of changes in the volume
of distribution of the bicarbonate present in this fluid
compartment [2—7]. The biochemical underpinning of
this phenomenon is provided by the Henderson-Has-
selbalch equation, which demonstrates that the hydro-
gen ion activity of a solution will change if that solu-
tion is modified in such a way that the concentration
of the acid component of a buffer pair is maintained
constant while that of its salt is altered. Since the car-
bonic acid-bicarbonate buffer pair is by far the pre-
dominant extracellular buffer, and since the concen-
tration of carbonic acid is determined by carbon
dioxide tension, itself dependent primarily on ventila-
tory function, these conditions would apply to acute
changes in extracellular fluid volume, in which no sig-
nificant drop or increase in carbon dioxide tension
would be expected to occur.
Previous experimental work and clinical observa-
tions have been interpreted to show that the magni-
tude of the decrease or increase in plasma bicarbonate
concentration is strictly equivalent to the degree of di-
lution or concentration of extraceliular fluid, suggest-
ing that the total extracellular pool of bicarbonate re-
mains unchanged in the face of changes in the volume
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of extracellular fluid [3, 4, 8, 9]. By contrast, more re-
cent work [10, 11] has shown that the degree of de-
crease in plasma bicarbonate concentration is much
less marked than would have been predicted simply on
the basis of the degree of volume expansion, indicating
that "new" extracellular bicarbonate was generated
presumably from intracellular or bone sources.
The present discussion will examine whether extra-
cellular fluid volume expansion or contraction can be
responsible by itself for clinically appreciable altera-
tions in acid-base status; it should be noted that these
comments are addressed to the acute results of
changes in extracellular fluid volume, not to its more
prolonged and possibly more pronounced effects
which stem from volume-induced changes in renal
function, especially in the tubular reabsorption of bi-
carbonate. We believe that this discussion will show
that the acute consequences of changes in extracellular
volume on acid-base indexes can be likened to Lewis
Carroll's Cheshire cat who, although appearing to
have "long claws and a great many teeth", after closer
scrutiny and questioning began to slowly vanish, leav-
ing only a "grin, which remained some time after the
rest of it had gone".
The role of nonbicarbonate buffers. The addition of
normal saline solution or of any solution containing
neither acid nor alkali to a bicarbonate-containing so-
lution would not be expected to change hydrogen ion
activity in a closed, in vitro situation, since under these
circumstances a proportional dilution of all com-
ponents of each buffer pair would occur. To use the
current clinical terminology, this maneuver would re-
suit in a state of metabolic acidosis exactly counter-
balanced by respiratory alkalosis, with neither acide-
mia nor alkalemia.
In the in vivo situation, however, conditions are dif-
ferent since carbon dioxide is continuously produced
by ongoing cellular metabolism. In view of the fact
that the single most important determinant of carbon
dioxide tension (and, hence, carbonic acid concentra-
tion) in body fluids is ventilatory function, it can be
reasonably predicted that after the addition of normal
saline, carbon dioxide tension would soon return to
approximately normal values after a transient de-
crease. The development of "dilution acidosis" de-
pends on whether, and to what extent, bicarbonate
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the predominant and, for practical purposes, the only
important extracellular buffer [12], whenever hydro-
gen ion homeostasis is stressed by an acid load—either
because of the addition of nonvolatile acids to the ex-
tracellular fluid, or because of losses of alkali—intra-
cellular and bone nonbicarbonate buffers titrate up to
60% of the hydrogen ion load [13, 14]. This phenome-
non is accompanied by the concurrent release of so-
dium and potassium into the extracellular fluid. It is
apparent that a similar participation of non-
bicarbonate buffers to the defense against changes in
extracellular hydrogen ion activity could be expected
to occur in the situation of volume expansion.
That nonbicarbonate buffers participate in the titra-
tion of hydrogen ion during acute volume expansion is
shown by the experiments depicted in Fig. 2. Here,
lines A and B demonstrate the results obtained by in
vitro dilutions of dog's plasma or whole blood, respec-
tively, in which normal saline solution was added
while carbon dioxide tension was maintained at 40
mm Hg by continuous bubbling of CO2 gas at 37°C.
The degree of dilution was calculated on the basis of
plasma water, estimated by subtracting protein con-
centration from plasma volume. Line C shows data
derived from experimental group III of a previously
reported study [11], in which isotonic expansion was
produced by infusing large amounts of saline solution
in intact dogs. As can be seen, in the case of dilution of
plasma, bicarbonate concentration decreased approxi-
mately in a one-to-one proportion with the degree of
dilution, as was expected from the fact that plasma
contains only minute amounts of nonbicarbonate buf-
fers. Substantial generation of bicarbonate, however,
occurred both when whole blood (red cells containing
large amounts of nonbicarbonate buffers, mainly he-
moglobin) or "whole body" was studied. In this latter
case, curve C, which was calculated assuming an ini-
tial extracellular fluid volume equivalent to 20% of
body wt, must represent a composite of the contribu-
tion of whole blood, of interstitial fluid and of intra-
cellular and bone buffers. In view of the fact that inter-
stitial fluid is poor in nonbicarbonate buffers, and that
its volume is several times greater than that of plasma
[12], the better defense of bicarbonate concentration
10 20 30 40 seen in the "whole body" titration curve highlights the
Dilution. % extraordinarily large availability of nonbicarbonate
buffers within cells and in bone minerals.
In this experiment plasma bicarbonate concentra-
tion decreased by only 10% when extracellular fluid
volume was expanded by an estimated 38% (corre-
sponding to a 27.5% dilution). If these data are appli-
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concentration remains depressed in the face of a nor-
malization of carbon dioxide tension.
It will be recognized that the degree of decrease in
bicarbonate concentration would depend on the par-
ticipation of nonbicarbonate buffers in the titration of
hydrogen ion. This is illustrated in Fig. 1, which shows
the influence of the presence of nonbicarbonate buffers
in moderating the drop in bicarbonate concentration
when three solutions, all originally containing 24
mEq/liter of bicarbonate, were progressively diluted
by the addition of normal saline solution while carbon
dioxide tension was maintained constant at 40 mm Hg
by continuous bubbling of CO2 gas at 37°C. In addi-
tion to 24 mmoles/liter of NaHCO, solution A con-
tained 126 mmoles/liter of NaCI, solution B con-
tained 63 mmoles/liter of NaCl and 63 mmoles/liter
of the buffer triethanolamine hydrochloride (TEA)
with a pH adjusted to 7.4 and solution C contained
126 mmoles/liter of TEA. As expected, although the
decreases in bicarbonate concentration were linearly
correlated with the degree of dilution in all three in-
stances, in solution A bicarbonate concentration fell in
equal proportion to the degree of dilution; its fall was
proportionally less pronounced in solution B, and least
in solution C. Substantial amounts of bicarbonate
were therefore generated from the nonbicarbonate
buffers in the latter solutions, according to the follow-
ing equation:
CO2 + H2O±H2CO3 + B=HB + HCO3-.
It is well recognized that although bicarbonate is
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Fig. 1. Percent decrease in bicarbonate concentration as a function
of progressive dilution of artificial solutions. See text for details.
Linear regressions (least squares method) calculated for individual
points are as follows: y = 1.032 x + 0.320 for line A, y = 0.752 x +
0.637 for line B and y = 0.597 x— 0.088 for line C. Correlation
coefficients are 0.98, 0.97, and 0.97, respectively.
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cable to the human organism, a similar degree of vol-
ume expansion induced in a man with a normal initial
plasma bicarbonate concentration of 24 mEq/liter
would result in a decrease in plasma bicarbonate con-
centration to approximately 22 mEq/liter. Although
in the intact subject some bicarbonate diuresis would
be expected to occur as a consequence of the changes
in tubular handling of filtered bicarbonate accom-
panying volume expansion [11, 15—18], it is obvious
from these figures that an acute volume expansion of a
degree capable of causing marked hemodynamic al-
terations would still be insufficient to result in a clini-
cally appreciable degree of metabolic acidosis. As a
consequence, it can reasonably be proposed that "dilu-
tion" can be held responsible for metabolic acidosis
only under extreme circumstances.
Contraction alkalosis
If "dilution" is unlikely to result in a clinically ap-
preciable degree of metabolic acidosis, what can be
said about the opposite event, that of "contraction al-
kalosis"? In this case, it has been postulated [4, 7] that
metabolic alkalosis may result simply from the loss of
extracellular fluid volume which may occur after the
administration of agents capable of inducing a marked
diuresis. To our knowledge, there are no experimental
data which could be used to determine the actual
changes occurring during an acute contraction of body
fluids in the absence of changes in external hydrogen
ion balance; it seems however reasonable to expect
that under these circumstances the increase in plasma
bicarbonate concentration would also be moderated
by the action of nonbicarbonate buffers. Owing to the
magnitude of changes in extracellular fluid volume,
however, it is possible that a clinically significant de-
gree of increase in plasma bicarbonate concentration
may actually take place. For example, it is relatively
common to observe patients who, because of con-
gestive heart failure or similar sodium-retaining con-
ditions, have actually doubled their extracellular fluid
volume. During the development of this fluid reten-
tion, if the data obtained in the dog are applicable to
man, and if we postulate that external hydrogen ion
balance is unchanged, plasma bicarbonate concentra-
tion might be expected to decrease by approximately
18%, or from 24 to about 20 mEq/liter, as a con-
sequence of "dilution" per Se. This theoretical event is
shown by line A of Fig. 3 (note that a 100% expansion
of extracellular fluid is equivalent to an expected dilu-
tion of the original components of extracellular fluid
volume to 50%). As a result of the alteration in renal
function typical of most sodium-retaining states, char-
acterized by increased Na-H exchange, plasma bi-
carbonate concentration however usually remains nor-
mal at 24 mEq/liter (line B of Fig. 3). The
administration of diuretics, leading to the rapid return
of extracellular fluid volume to normal without a con-
current loss of the bicarbonate previously generated
would then be expected to result in an increase in
plasma bicarbonate concentration by about 18% of
this value (line C of Fig. 3), which would bring plasma
bicarbonate concentration to approximately 28 mEq/
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Fig. 2. Percent decrease in bicarbonate concentration as a function
of progressive dilution of plasma (line A), whole blood (line B), or
"whole body" (line C). See text for details. Linear regressions calcu-
lated for individual points are as follows: y 0.9 15 x— 0.442 for
plasma, y = 0.632 x— 1.059 for whole blood, andy = 0.354 x— 0.153
for "whole body". Correlation coefficients are 0.98, 0.96, and 0.66,
respectively.
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Fig. 3. Hypothetical changes in plasma bicarbonate concentration
during the development of severe fluid retention and its treatment
with diuretics. See text for discussion.
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liter. Since the degree of metabolic alkalosis seen after
administration of diuretics and rapid reduction of ex-
tracellular fluid volume is commonly much greater
than this, even though the change in volume is not of-
ten of this magnitude, it is obvious that even in "con-
traction alkalosis" the predominant role in the genera-
tion of the alkalosis must be played by a persistent
renal generation of bicarbonate, characterized by con-
tinuing external hydrogen ion losses [19].
Comments and conclusions
Changes in the volume of extracellular fluid can in-
fluence profoundly the renal reabsorption of bicarbo-
nate and excretion of acid. In volume expansion the
ability of the renal tubule to reabsorb bicarbonate is
decreased [11, 15—18], whereas in states of volume de-
pletion the increase in renal avidity for sodium reab-
sorption results in an acceleration of the sodium-ca-
tion exchange mechanisms leading to the development
of negative potassium balance and favoring the main-
tenance of metabolic alkalosis [7]. The ultimate ef-
fects of volume changes on plasma bicarbonate con-
centration must therefore depend to a large extent on
changes in the renal mechanisms which regulate the
maintenance of hydrogen ion homeostasis. The
present discussion, however, is focused upon the
changes in bicarbonate concentration which may oc-
cur as a result of acute changes in volume, before ex-
ternal hydrogen ion balance has been modified
through renal effects.
In this context, the alterations in acid-base indexes
which follow an acute increase in extracellular volume
can be described sequentially as follows: immediately,
both the arterial pressure of carbon dioxide (PaCO2)
and bicarbonate concentration are decreased propor-
tionally; this phase is presumably only momentary,
since Paco2 is rapidly returned towards normal by the
continuing tissue production of carbon dioxide. This
results in a state of metabolic acidosis in the extra-
cellular compartment; similarly to what occurs after
the infusion of acids, intracellular and bone buffers
then participate in the titration of extracellular acid-
osis, with consequent passage of bicarbonate into the
extracellular compartment (or of hydrogen ion from
the extracellular compartment), probably together
with sodium and potassium. As a consequence, the de-
crease in extracellular bicarbonate concentration is
greatly dampened, resulting, as already documented
herein, in a very modest degree of metabolic acidosis.
The opposite sequence of events would be expected to
take place when extracellular volume is acutely dimin-
ished.
One disturbing observation which at this time can-
not be explained adequately is that in experiments in
which extracellular fluid volume was expanded with
hypertonic solutions, calculations failed to show an
appropriate generation of new bicarbonate [8, 9]. By
contrast, recent observations [20] indicate that acute
hypotonic volume expansion is accompanied by en-
hanced bicarbonate generation into the extracellular
space, leading to a better defense of plasma bicarbo-
nate concentration. The apparent lack of participation
of intracellular and bone buffers in the titration proc-
ess in hypertonic extracellular volume expansion has
been attributed to an effect of hyperosmolarity on the
permeability of cellular membranes to hydrogen ion
or to an alteration in intracellular metabolism [9].
The results of in vitro studies [21] confirm that
changes in osmolarity can affect hydrogen ion trans-
port across cellular membranes: intracellular pH in
rat diaphragms increased when the addition of manni-
tol to the medium produced hypertonicity and cellular
dehydration, whereas it was unchanged when hypo-
tonicity and increased cell water were induced by us-
ing a medium with lower sodium chloride concentra-
tion. Further documentation and study of the effects
of changes in osmolarity on hydrogen ion transport
(and possibly production) appear necessary. However,
these observations may have some clinical relevance
to explain the acidosis frequently seen in patients with
hyperosmotic conditions [22], and the lack of changes
in plasma bicarbonate concentration in states of hypo-
tonic volume expansion, such as in the syndrome of in-
appropriate secretion of antidiuretic hormone [23, 24].
In any event, it should be noted that fundamental
differences exist between the metabolic acidosis due
solely to "dilution" of extracellular fluid and that re-
sulting from exogenous or endogenous acid loads. In
the former situation, although plasma bicarbonate
concentration may be decreased, the total amount of
bicarbonate in the extracellular fluid compartment has
not fallen, and in fact it has increased because of gen-
eration of new bicarbonate from intracellular and
bone nonbicarbonate buffers. Although some bicarbo-
nate diuresis which will subsequently have to be re-
paired by an increase in hydrogen ion excretion may
be observed as a result of changes in renal function
caused by volume expansion [11, 15—18], repair of the
acidosis would in theory require simply the renal ex-
cretion of a fluid equal in volume and in acid-base
composition to that administered. By contrast, it is
clear that the acidosis resulting from the administra-
tion of an acid load is accompanied by a decrease in
the total amount and concentration of bicarbonate,
and its repair requires an increase in net acid excretion
by the kidney equivalent to the amount of acid admin-
istered.
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In conclusion, the preceding considerations indicate
that only extraordinarily large gains or losses of iso-
tonic solutions containing neither acids nor alkali, un-
likely to occur in clinical situations, can result in
marked acidosis or alkalosis. Since the concentration
of bicarbonate in body fluids reflects and is determined
by the interaction between the previous concentration
and state of nonbicarbonate buffers, the carbon diox-
ide tension and the balance of hydrogen ion, under no
circumstances can its changes be predicted simply by
assuming that the total amount of bicarbonate in the
extracellular fluid is constant in the face of volume
contraction or expansion. Etiologic factors other than
simple expansion or contraction of extracellular fluid
must be suspected and excluded whenever clinically
appreciable changes in bicarbonate concentration are
detected.
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